Abstract. Over the course of the past century, aquatic habitats have declined worldwide, primarily due to draining and clearing for agriculture and urban development. These activities often result in increased erosion and sedimentation with detrimental impacts on stream and lake water quality. It is estimated that 60% of the approximately 3 billion tons of sediment per year deposited in the waterways originates from agricultural lands. Oxbow lakes are remnants of meandering floodplain rivers that have been cut off and physically isolated from their respective main river channels. Long known for their productivity and recreational value, these naturally formed lakes have not escaped the detrimental effects of soil erosion. Consequently, their popularity as recreational resources has decreased as water quality and fisheries have declined. If suspended sediment concentrations are low enough to provide suitable light penetration, oxbow l akes provide conditions conducive to photosynthesis, primarily via phytoplankton, and may support a sustainable sport fishery. However, agricultural practices often result in soil erosion that can lead to increased turbidity in the oxbow lakes and subsequent inhibition of photosynthesis. Turbidity in oxbow lakes can be persistent in areas having soils with high clay content. Although nutrients such as phosphorus are typically associated with alluvial soils and tend to load in oxbow lakes, these systems may become energy starved and very unproductive due to lack of light penetration. In order to establish reasonable Total Maximum Daily Loads for these types of systems, critical concentrations of total or suspended sediments, necessary to elicit a corresponding increase in chlorophyll, must be established. Oxbow lake water quality data collected from various research projects by the authors suggests that critical concentrations for suspended sediments may be established.
Introduction
Water erosion removes 1.5 to 2 billion tons of U. S. topsoil each year and is a significant problem nationally. The Mississippi River alone carries 331 million tons of soil to the Gulf of Mexico annually (Brown, 1984) . Fowler and Heady (1981) reported that in stream suspended sediments are, by volume, the largest pollutants in the United States). Because of isolated conditions associated with oxbow lakes, changes begin to occur in the physical and chemical characteristics of the lake basin and in the floral and faunal assemblages. Over time allochthonous organic materials derived from previous connections with the floodplain river ecosystem are processed and energetically depleted. Oxbow lakes in agricultural regions tend to become less heterotrophic and more autotrophic, becoming closed entities within themselves, functioning similarly to farm ponds and other small impoundments.
Delta lakes, long known for their productivity and recreational value (Cooper et. al., 1984) have not escaped the detrimental effects of soil erosion. Their popularity as recreational resources has decreased as water quality and fisheries have declined (Coleman, 1969) . Cooper and Knight (1978) have attributed these declines, in part, to soil erosion and sedimentation. Detrimental impacts on stream and lake water quality due to erosion and sedimentation have been well documented (Knight et al. 1994 , Waters 1995 .
The Mississippi Delta MSEA (Management Systems Evaluation Area) Project provides a unique opportunity to test this relationship between suspended sediment and primary productivity. The Mississippi Delta MSEA is a competitive agricultural systems-based research project designed to address problems associated with these non-point source pollutants. The Mississippi Delta MSEA is unique among MSEA projects because of its location in the Mississippi River alluvial plain and its strong ecological research component. Experimental design of the Mississippi Delta MSEA calls for the development of comprehensive land and cultural treatments targeted to reduce sediment and associated pollutants entering watershed ox-bow lakes. Major objectives of the MSEA project are: 1) to develop and evaluate alternative and innovative farming systems for improved water quality/ecology in the Mississippi Delta 2) to increase the knowledge to design and evaluate economical environmentally-sound best management practices (BMPs) as components of farming systems and 3) to increase awareness and adoption by farmers/landowners of alternative farming systems to reduce adverse agricultural impacts on water resources and ecological processes. This study examines and documents pre-management changes in suspended sediments and chlorophyll on three oxbow lakes and resulting water quality improvements following the implementation of best management practices designed to control erosion and non-point source pollution.
Materials and Methods
Thighman and Beasley Lakes near Indianola, MS in Sunflower County and Deep Hollow Lake near Greenwood, MS in Leflore County are the three oxbow lake study sites. Thighman Lake has a watershed of approximately 3,700 acres and a surface area of 22 acres. Crop production is conventional cotton, rice, soybeans and corn. In addition to runoff from these crops Thighman Lake receives water discharged from catfish ponds. Beasley Lake is a 62 acre oxbow located in a 2,100 acre watershed. The watershed is primarily in conventional tillage cotton. It also contains a large wooded riparian zone. This watershed will be protected with such structural practices as slotted board risers, slotted pipes, grass filter strips, and riparian zones. Deep Hollow Lake has a surface area of 20 acres and a watershed size of 500 acres. This watershed is farmed in cotton and soybeans and will receive both structural and cultural management practices to reduce sediments and other non-point pollutants including: no-till cotton and soybeans with winter cover crop, hooded pesticide sprayers and weed sensor technology, slotted board risers, slotted pipes, grass filter strips, and riparian zones.
Three sampling sites on each lake were selected for water quality monitoring.
Yellow Springs Instruments (model provided for information purposes only and should not be taken as an endorsement of any particular brand or product) automated water quality monitoring equipment was used to obtain hour measurements of temperature, pH, dissolved oxygen and conductivity. While surface water quality was sampled biweekly for total, suspended, and dissolved solids, total phosphorus, filterable ortho-phosphate, ammonium nitrogen and nitrate nitrogen, chlorophyll, coliform and enterococci bacterial counts and secchi visibility this paper will only discuss the sediment and chlorophyll relationship.
Analytical and chemical methods were based on procedures from APHA (1992). Calculation of means and statistical analysis was completed using SAS statistical software (SAS Institute, inc. 1996 ). All parameters were tested for differences at the 5% level of significance.
Results and Discussion
Mean physical and chemical water quality data for the three MSEA Lakes prior to establishment of erosion and pollution control structures and management practices may be found in Table 1 . Water quality of all MSEA lakes were statistically similar to one another prior to implementation of BMPs. Thighman Lake had significantly higher conductivity, and concentrations of dissolved solids and nitrate than either Deep Hollow or Beasley Lakes, while Beasley and Deep Hollow had higher concentrations of ortho-phosphate. Few studies have been conducted to determine the effects of clay turbidity on warmwater fishes. Wallen (1951) found that concentrations of suspended sediments as high as 100,000 mg/L were required for gills and opercular cavities to become clogged. However, stress related behaviors could be induced at concentrations as low as 20,000 mg/L. Wedemeyer et al. (1976) reported that concentrations of 80-100mg/L are considered to be the maximum that most species of fish can tolerate on a continual basis without causing gill damage. Long-term exposures (several months) to concentrations of 200-300 mg/L have caused bacterial tail and fin rot in salmonids, as well as pathological changes is gill structure (Herbert and Merkins 1961) . While high concentrations of suspended solids rarely cause direct fish mortality relatively low concentrations can affect lake productivity (Murphy 1962) . Waters (1995) detailed the sources, effects and control of sediment in streams and provided a summary of research on the effects of sediments on aquatic organisms.
Suspended and total solids concentrations prior to implementation of management practices were sufficiently high to consider the MSEA lakes sediment stressed systems (Figure 1 ). Suspended sediment concentrations exceed water quality standards established for Alaskan water reported by Lloyd (1987) . The MSEA lakes also had suspended solids concentrations that were 84.2 % higher than that of Morris Pond, a 1.09 ha farm pond located in the hill lands of central Mississippi (Cooper and Knight 1990) . Annual mean suspended solids concentration was 55.0 mg/L for Morris Pond compared to 405 mg/L, 429 mg/L, and 289 mg/L respectively for Thighman, Beasley and Deep Hollow. When compared to historical turbidity data collected from Yazoo Basin lakes in 1969, the three MSEA lakes exceeded estimated suspended solids concentrations of all lakes with the exception of Arkabutla Reservoir (USCOE 1975) . It should be noted that this 1969 data was collected prior to the increase of intensive cultivation of soybeans in the Mississippi Delta that occurred in the 1970's and is based on sediment-turbidity models developed by Sigler et al. (1984) .
Cultural and structural management practices as well as combinations of the two reduced total and suspended sediments on all three MSEA lakes. The greatest percent reduction occurred in Deep Hollow Lake (76%), which features a combination approach to erosion control. This reduction in suspended sediment significantly improved Secchi visibility in two of the MSEA lakes. Prior to BMP establishment, Secchi visibility averaged less than 17 cm, further supporting the contention that the MSEA lakes were sediment stressed. As a result of sediment reductions due to management practices, Secchi visibility increased to 25 cm on Deep Hollow Lake. This represents a 108% increase in water visibility. Secchi visibility also improved on Thighman, increasing by 36%. Cooper and Bacon (1980) reported that primary p roductivity was adversely affected when suspended sediments exceeded 100mg/L. At this concentration of suspended sediments, chlorophyll concentration was reduced to less than 20 mg/L. Cooper et al. (1995) demonstrated that when suspended sediments were r educed through diversion of sediment laden runoff chlorophyll concentration doubled. Cooper and Bacon (1980) reported mean annual suspended sediment concentrations of 117, 198, and 262 for the years 1977, 1978 and 1979 , which were lower than the means for the three MSEA lakes. While chlorophyll concentrations were also impacted by high suspended sediments in the MSEA lakes, reductions in sediments due to management practices contributed to corresponding increases in chlorophyll on all MSEA oxbows, ranging from 61 to 629% (Figure 1 ).
Conclusions
Analyses of water quality prior to the implementation of management practices indicate lakes that were stressed and ecologically damaged due to excessive in-flowing sediment. Mean total suspended sediment concentrations for the three MSEA lakes exceeded concentrations estimated for regional lakes in 1969 as well as levels acceptable for fish growth and health. Because all MSEA lakes had low concentrations of chlorophyll despite relatively high concentrations of phosphorus it is reasonable to assume that h igh suspended solid concentrations likely suppressed phytoplankton production. This conclusion was further supported by the fact that Deep Hollow Lake had the highest mean concentration of chlorophyll of the three lakes as well as the lowest mean concentration of suspended sediment. Reducing suspended sediment concentrations through the use of best management practices produces conditions favorable for phytoplankton production as indicated by the increased water visibility and chlorophyll production. While all three lakes demonstrated improved water quality the most significant improvements occurred when cultural or combinations of cultural and structural practices were used. Land and farm management practices designed to control erosion and reduce transport of soil, organic matter and agricultural chemicals do indeed improve water quality and therefore ecological conditions. 
